Improvement of endothelial function in a murine model of mild cholesterol-induced atherosclerosis by mineralocorticoid antagonism.
The renin-angiotensin-aldosterone-system (RAAS) plays a role in endothelial dysfunction and atherosclerosis. During treatment with RAAS-inhibitors, elevated aldosterone may sustain "aldosterone escape". We investigated the effects of treatment with the mineralocorticoid antagonist eplerenone (Ep) compared with ramipril (Rami) or the combination of both on oxidative stress, plaque formation and endothelial function, in atherosclerotic apolipoprotein E deficient mice (ApoE(-/-)-mice). ApoE(-/-)-mice were fed a cholesterol rich diet (21% fat, 19.5% casein, 1.25% cholesterol) for 8 weeks to produce mild atherosclerosis (i.e. plaque load 20-30%). ApoE(-/-)-mice (control), ApoE(-/-)-mice treated with Ep (25 mg/kg/day), Rami (2.5 mg/kg/day) and their combination were compared. Heart rate (HR) and blood pressure (BP) were measured using the tail-cuff-method. Endothelial function was measured in aortic rings and corpora cavernosal strips (CCs). Atherosclerotic plaque burden, collagen content, oxidative stress (Dihydroethidium (DHE) staining) and macrophages were determined. Treatments had no effects on HR and slightly reduced BP in ApoE(-/-)-mice treated with the combination of eplerenone and ramipril. Endothelium-dependent relaxation of aortic rings and CCs with carbachol was significantly improved in animals treated with Ep, Rami or their combination (p = 0.05 - p = 0.001). DHE-stained penile and aortic sections revealed a significant reduction in superoxide production in all treated groups (p = 0.035 - p = 0.001). In parallel, aortic and penile collagen content in ApoE(-/-)-mice was significantly decreased (p = 0.035 - p < 0.001) in animals treated with Ep, Rami or their combination. In agreement, there was a trend towards a reduction of aortic plaque area by treatment with Ep (-9.0 ± 3.2%) and Rami (-11.9 ± 4%). Only the treatment with the combination induced a significant reduction of the atherosclerotic plaque burden (p = 0.045). Moreover, the treatment of ApoE(-/-)-mice with Ep, Rami and their combination significantly reduced the count macrophage count in atherosclerotic plaque lesions. Ep restored endothelial function by reduction of oxidative stress, atherosclerotic macrophage content, atherosclerotic lesion size and fibrosis to the same extent as treatment with Rami or the combination. Mineralocorticoid antagonism provides vasculoprotective effects and should be clinically evaluated for vascular disease such as erectile dysfunction.